Abstract. Building defects are always the key concern in the construction industry. Defects represent not only a loss to the project but also hamper the smooth operation of a building. Recognising the need to resolve these continuing problems, a research was mooted to track from the study of defects that occurred during the Defects Liability Period in a public university in Malaysia. This paper presents part of the research which investigates what can be learnt from the analysis of architectural defects in these projects. Two research objectives were developed (1) to investigate types of architectural defects that occurred and (2) to analyse the causes of the defects. A mixed methods approach is adopted. Data for the quantitative element of the research was drawn from defects audit records of the project. They were sorted, grouped and transferred into the SPSS software for analysis using the measure of central tendencies and frequency analysis. The findings suggest that with a proper methodology in place, defects can be effectively traced and categorised. This can provide very useful insights to their root cause and how this can be avoided in future projects.
Introduction
Defects can be associated to construction failures emanating from shortcomings during the project implementation process. In construction, parties managing construction projects are frequently aware of the signals that lead to defects or diagnose the causes of the defect to take preventive action [1] and [2] . As a result, similar defects re-appear even the building is constructed by the same contractor. This phenomenon is common in the Malaysian construction projects. Most defects in these projects are not properly recorded and tracked, which consequently lead to the client ending up rectifying the defects themselves and at their own cost [3] . Thus, this has left many clients unable to realise the full value of their investments. In contending to this problem, a research was mooted to show how defects data recorded can be re-learnt in a more systematic way to provide insights in managing future projects.
Re-learning construction defects is an emergent popular subject of research. Several studies have been conducted to investigate the types and causes of defects including the means of preventing them [4, 5, 6, 7, 8, 9, 2] . However, most of these studies tend to be limited to study only on the overall construction defects. There are limited studies that investigate defects and its relation to the work disciplines such as architectural, structural, mechanical and electrical, and the defects inherent in them. Recognising this, a research was mooted to investigate the causal relationship between the types of defects and their root cause within each work discipline involved. This is the aim to understand the nature of the defects to track their root cause. In line with this aim, three research objectives are developed: (1) investigate the types of architectural defects (2) to identify the causes of the defects and (3) to analyse the categories of the defects.
Theoretical framework

Defects generally
Construction defects are common phenomenon faced in the industry nowadays [5, 6, 7, 2] . It occurs not only in building operational phase but also before and during the construction stage [11] and [12] . Failure to address defects would most likely contribute to additional rectification cost, hamper the smooth operation of the building and reduce its service life. In extreme cases, defects may even lead to accidents and disasters [13] .
Construction defects can be defined as a failure or shortcoming in the building's function, performance, statutory or user requirements, and this may occur in its structure, fabric, services or other facilities [6, 11, 12] . Defects can be classified as patent and latent defects. Patent defects can be clearly recognized during inspection throughout the construction phase and the project's Defects Liability Period (DLP). Meanwhile, latent defects usually appear over time when the building is occupied.
Studies examining the causes of building defects were observed to take prominence since 1980s. The study on the cause and effect of defects in buildings converge to suggest that most of the defects are due to 'weaknesses' in the project implementation process. Whilst poor specifications, selection of materials, workmanship and supervision the common cited causes of defects, poor design decisions are identified as the most significant contributor to the defects. Several researchers [5, 6, 13, 14, 7] stressed on the importance of designers to play their roles in eliminating defects occurrence. They should ensure that all the client requirements are well captured, translated and communicated to the other project team members throughout the project implementation process supported with proper documentation system [15] . In addition, [16] added that the problem with defects is not so much a matter of not knowing what to do but applying correctly what is known.
Defects and its implication in the Malaysian construction industry
One of the most important `disease' that affect the overall performance of construction industry in Malaysia is construction defects [17, 18, 19] . These defects have caused the government an enormous sum of money. The Malaysian government has continually provided allocations for maintenance works for completed buildings and a significant proportion are for defects rectification work [12] . Owing to the seriousness of these problems, the government is considering implementing punitive measures against those who flout the rules and regulations.
As an added initiative to minimize construction defects in public projects, the Public Work Department (PWD) had undertook several proactive actions such as: a) forming Building Facility Maintenance Division to monitor and audit Malaysian public buildings b) organising an internal workshop to discuss on issues promoting defects during project stages. The common causes of the defects highlighted are: (1) lack of monitoring or supervision by responsible authorities, (2) lack of technical expertise and full reliance on contractors or consultants, (3) lack of coordination between agencies involved, (4) internal problems faced by the contractors, and (5) contractual issues. Notwithstanding, the government have realised that this cannot continue and they are not getting the value for money for their projects c) recording and publishing several construction defects that occurred in public buildings and their lessonlearnt in a book d) enforcing Defects Liability Management System for the management of defective works on seven hospital projects constructed in the Malaysian Eight Plan (RMK8) Following this, [20] found that defects are being repeated in many projects even when constructed by the same contractor. Thus, a study on the nature of the defects and possible approaches to track their root cause is very necessary. The question of what are the defects, why they are recurring and what are the root causes are raised.
Rationale for tracking construction defects
By systematically recording and tracking defects, the types, causes and categories of each defect can be identified. Besides this, the recurring defects can also be traced. These significant data can be used to provide LL to assist the project team in identifying what went wrong and how to better manage future projects [21, 22, 23] . As a result, they could improve its cost efficiency and increase their design and performance quality [23] and [2] .
Research methodology
A single case study of a Malaysian public university is chosen. A combination of qualitative and quantitative methods was adopted. Data for the quantitative element of the research was drawn from audit records of defects identified during the projects DLP. They were sorted, grouped and transferred into the SPSS software for analysis using the measure of central tendency and frequency analysis.
The qualitative research method was adopted to examine the types and causes of the defect. This was carried out by critically analyzing project audit documents. For the purpose of tracking the root cause of the defects, data on the defects were categorized into design, workmanship, material, lack of protection, vandalism, nature, maintenance and mishandling defects.
Findings
The defects data were analysed and summarized in Table  1 to Table 5 . Five major defective elements were identified and documented in this project. Table 1 highlights the overall number and percentage of defects according to their work disciplines. There are four work disciplines involved namely architectural, civil, mechanical and electrical. A total of 1874 defects were recorded in the university. Architectural defects recorded as the most defective work discipline followed by mechanical, electrical and civil defects. Table 2 indicates the number of architectural defects based on the elements for the five identified blocks. College was observed to record the highest number of architectural defects, followed by Faculty, Library, Administration Building and Student Centre respectively. Table 3 to Table 7 recapitulates the types, causes and categories of architectural defects for five major elements. In addition, the table also highlights the frequent types, causes and categories of architectural defects that occurred in the building.
Overall number and percentage of defects
Distribution of architectural defects by element and block
Summary of major architectural defects
Types of architectural defects
The types and most frequent type of architectural defects that occurs are as follows: The table also highlights five most frequent defective items. Non-functional windows appears as the most defective items followed by water seepage, door damaged, window damaged and untidy painting to wall. Table 4 indicates the causes and frequent causes of defects for each element involved. The results are as follows: 
Causes of architectural defects
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Five most frequent causes of defects were found such as work in accordance to specification, poor workmanship, lack of protection, vandalism and water seepage. Table 5 indicates that there are eight categories of defects involved in architectural works. Workmanship (W) is the main categories of defects followed by lack of protection (LOP), vandalism (V), maintenance (Mt), mishandling by users (Mh), material (M) and nature (N). Defects due to design (D) defaults are the least categories occurred in this work discipline. The frequency of the categories of defects that occurred in each element as follows: a) Wall, Floor and Finishes -workmanship is the most frequent categories of defects, while design is the least b) Windows and Fittings -workmanship is the most frequent categories of defects, while nature is the least. There is no defects occurred due to design and maintenance c) Doors and Fittings -workmanship is the most frequent categories of defects. Design and lack of protection are two least categories that appeared in this element. None defects occurred due to maintenance fault d) Ceiling Finishes -Maintenance is the major categories of defects and mishandling by users is the least category. None defects are due to design, material and nature e) Sanitary Fittings, Fixtures and Toilet Cubiclesworkmanship is the most frequent categories of defects, while material is the least. There is no design defects found in this element
Categories of architectural defects
Discussions
The problem of many architectural defects is continuing and tends to be repeated in many projects. Majority of the defects causes is due to workmanship as a result of poor quality of work, lack of supervision and installation or protection method during the construction stage. This is further supported by the statement from [21] and [17] . Design defects are due to poor design planning and poor material selection during the design stage.
Material defects are mostly due to inappropriate materials applied to the functional of the buildings as mentioned by [7] . It is found that material defects usually took time to develop until the occupancy stage. In addition, more maintenance defects were expected as the buildings aged. Meanwhile, vandalism defects are believed to be influenced by attitude and background of the population surrounding the buildings.
These defects are underpinned by the adequacy and effectiveness of the management process practiced in design and building process of the hospitals. There were obvious issues surrounding the design of some components of the building, selection of materials, workmanship and supervision. While generally the final quality and standards of the university was deemed acceptable to the EU, in some key areas these elements needs to be further clarified. Elements like ambiguity in the process of determining specifications should be eliminated. Indeed, these should be well captured and maintained by the professionals including the end user (EU) during the early stage of the project. Better coordination and co-operation amongst the design team, EU and the contractor throughout the project implementation is also an important factor that needs to be considered. This is in line with [24] .
Recording defects and classifying them into systematic categories are useful for identifying the type of defect; which defect is most probably caused by what; and what defects are most recurring. These are significant data which can be used to learn to assist identify what went wrong. Majority of the defects are often interrelated. However, this requires the project teams to open their mind and embrace the continuous learning culture. They need to see the system as a positive and systematic approach that can encourage a better co-ordination and co-operation amongst the project team towards achieving zero defects in future projects.
Conclusions
Findings from this research underline the significance of re-learning construction defects. The audit provides a platform for a post-mortem study to learn weaknesses in the project implementation process for future improvement.
The study of defects identified during the DLP can be very significant as a control mechanism to ascertain the validity and reliability of a project's implementation process. Without this study there is little that can be achieved to assess whether the project management team
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600017 has achieved economy, efficiency and effectiveness in their project management process. While much can be drawn from the existing study, much more can be can be learnt if the defects data can be exploited using more advanced statistical tools. Further investigations to study the "ripple-effect" of the causal relationships of the process that led to the defects to better track the root cause of the defects is considered for the next stage of the study.
